A total of 27 strains from 13 Alternaria species, including 16 strains from seven pathogenic species which produce host-specific toxins (HSTs), were subjected to restriction fragment length polymorphism (RFLP) analysis of mitochondrial DNA (mtDNA). Southern blots of total DNA digested with BglII, HindIII or XbaI were probed with 32P-labeled mtDNA isolated from A. kikuchiana strain 15A. On the basis of polymorphisms in mtDNA digested with these enzymes, the HST-producing species could not be differentiated from one another or from A. alternata. On the basis of the RFLP profiles, 18 variant types of mtDNA were identified in 27 strains and named M1 to M18. The HST-producing species and A. alternata contained 11 types, M1 to M11, four of which were shared by different HST-producing species and A. alternata. In contrast, strains of seven other Alternaria species that are morphologically distin guishable from A. alternata carried different mtDNA types, M12 to M18. The dendrogram based on the RFLPs placed the HST-producing species within a single group together with A. alternata. Sub-clusters distinctively corresponding to species or host range were not detected in this group. These results strengthen the idea that HST-producing Alternaria pathogens are intraspecific variants of A. alternata and should be designated as pathotypes.
INTRODUCTION
The participation of host-specific toxins (HSTs) in establishing plant disease is one of the most clearly understood mechanisms involved in host-selective pathogenesis22, 30, 41) . For at least seven plant diseases caused by Alternaria species, HSTs are responsible for fungal pathogenicity22). Specific epithets have been adopted for the following six Alternaria pathogens which produce HST: A. kikuchiana, a host-specific AK-toxin producer, causing black spot of Japanese pear17,38); A. mali, an AM-toxin producer, causing Alternaria blotch of apple24,29); A. longipes, an AT-toxin producer, causing brown spot of tobacco9,15); two biotypes of A. citri, an ACRL-toxin producer that causes leaf spot of rough lemon5,27) and an ACTG or ACT-toxin producer that causes brown spot of tangerine10, 11, 25) ; and A. fragaria, an AF-toxin producer that causes black spot of strawberry16, 18, 42) . An addi tional HST-producing pathogen has also been identified within A. alternata; Grogan et al.6) reported the occur rence of a stem canker of tomato and characterized the causal agent as A. alternata f. sp. lycopersici. The tomato pathogen was later found to produce an HST named AAL-toxin2).
Nishimura et al. 21, 23) reported that the conidial size of these pathogens was within the range described for the collective species A. alternata (Fries) Keissler3, 19, 31) . A. alternata, fundamentally a saprophytic fungus, and the HST-producing pathogens are differentiated from one another and from A. alternata only by their pathogenicity21,23). Based on these features, Nishimura et al. 21, 13) proposed that the seven HST-producing patho gens should be classified as pathological variants, designated as pathotypes, of A. alternata. This proposal, however, has not been accepted widely because of the difficulties in taxonomic classification of species within the genus Alternaria, which are partly due to the lack of sexual stages26, 32, 42) .
Recently, molecular methods have been employed in phylogenetic and taxonomic studies of Alternaria species 12-14,37) We previously analyzed restriction frag ment length polymorphism (RFLP) in nuclear ribosomal DNA (rDNA) of 99 strains from 11 Alternaria species , including 68 strains from seven HST-producing pathogens13). On the basis of RFLPs, HST-producing species could not be differentiated from one another or from A. alternata. In contrast, six other Alternaria species which are morphologically distinguishable from A. alternata were differentiated from A. alternata by their RFLP profiles. Nor could the HST-producing species be distinguished by phylogenetic analysis based on the nucleotide sequences of internal transcribed spacers (ITS1 and ITS2) of rDNA14), which showed that the HST-producing species belong to a monophyletic group together with A. alternata. 
MATERIALS AND METHODS
Fungal strains A total of 27 strains, including 16 strains from seven Alternaria pathogens which produce HST, four strains of nonpathogenic A. alternata and seven strains from seven other Alternaria species, were used in this work (Table 1) . Pathogenic strains were Statistical analysis The levels of relatedness between mtDNA RFLP types were determined by the method of Nei and Li20). RFLP types were evaluated for the presence or absence of hybridized fragments at specific positions. The relative intensity of bands was ignored. Data from separate hybridizations of BglII, HindIII and XbaI digests with mtDNA probe were combined for analysis. The similarity coefficient (F) for the mtDNA types was estimated from the RFLP data by using the formula F=2Nxy/(Nx+Ny),
where Nxy is the number of restriction fragments shared by two mtDNA types, x and y, and Nx and Ny are the total numbers of restriction fragments in mtDNA types x and y, respectively20). A dendrogram was constructed from the similarity coefficient data by using the unweighted pair group method with arithmetic average clustering36). of restriction enzyme digestion of isolated mtDNA, the size of mtDNA from strain 15A was estimated to be about 29kb.
RESULTS

Polymorphisms
A total of 27 strains from 13 Alternaria species was subjected to RFLP analysis of mtDNA (Table 1) . After total DNA was digested separately with BglII, HindIII and XbaI, the Southern blots were probed with mtDNA of strain 15A. These restriction enzymes produced 34 to 45 resolvable fragments in the strains studied (Table 1) . A total of 161 different resolvable fragments were detected in the strains, each of which was evaluated for the presence or absence of the restriction fragments. BglII, HindIII and XbaI produced 13, 16 and 13 mtDNA RFLP types, respectively (Fig. 1) . Figure 1 shows restriction fragment patterns of representive strains of mtDNA RFLP types. The mtDNA types detected from other strains are listed in Table 1 . Pooling separate results of three enzymes, 27 strains were classified into 18 mtDNA types, named M1 to M18 (Table 1) . Eleven mtDNA types, M1 to M11, were detected in the HST -producing species and A. alternata (Table 1) . Among these 11, M1, M3, M7 and M8 were shared by different HST-producing species and nonpathogenic A. alternata (Table 1) . Type M1 mtDNA was detected in A. kiku chiana, A. mali, A. citri and A. alternata f. sp. lycoper sici. Type M3 was shared by A. longipes and A. alter nata f. sp. lycopersici. These two types were also found in strains of nonpathogenic A. alternata. Types M7 and M8 were detected in strains of A. fragaria and A. mali.
The seven Alternaria species that are morphologically distinguishable from A. alternata did not carry the mtDNA types distributed in A. alternata and the HST producing species. Seven different mtDNA types, M12 to M18, were detected in these species (Table 1) .
Phylogenetic analysis of Alternaria species The genetic similarity between 18 mtDNA types was calculated by similarity coefficients20). A dendrogram was then constructed by using the unweighted pair group method with arithmetic average clustering36) (Fig.  2) . All of the mtDNA types detected in the HST producing species and A. alternata clustered in a single group at a similarity level of 43% (Fig. 2) . The similarity levels between these mtDNA types and the other types detected in Alternaria species with morphologies different from A. alternata were lower than 24% (Fig. 2) . The dendrogram did not contain any clusters which showed a positive correlation with species or host specificity of the HST-producing pathogens. Eleven mtDNA types from the HST-producing strains were further divided into two groups: M1 to M7 and M8 to M11. Some of the A. mali, A. fragaria and A. kikuchiana strains were distributed in the latter group, but the remaining strains belonged to the former group with A. alternata (Fig. 2) . The seven species morphologically distinguishable from A. alternata were separated from A. alternata and the HST-producing species (Fig. 2) . Of these species, A. solani, A. dauci, A. porn, A. bataticola and A. sesami were placed within a single cluster at a 
